ABSTRACT
INTRODUCTION
Thailand confirmed the reactivity of all sera by enzyme-linked immunosorbent assay 110 (ELISA) or by a hemagglutination inhibition test. In addition, we used commercial pooled incubation at 37ºC under 5% CO 2 , the medium was replaced with fresh medium and 137 incubated for two more days. The supernatant containing the pseudotyped lentiviral vectors was harvested, filtered through a 0.45-μm syringe filter, and stored in aliquots at −85ºC.
139
The lentiviral vectors were normalized based on the amount of HIV- seen with the VSV-pseudotyped lentiviral vector ( Fig. 2A) .
264
To test the pH dependence of cell entry for the CHIKV-pseudotyped vector, we (Fig. 3A, left) . There was little or no effect on luciferase activity when the mouse sera, showing that the neutralization is CHIKV specific (Fig. 3A, right) .
284
For the pseudotyped lentiviral vector-based neutralization assay, we calculated performed statistical analysis to determine the serum dilution at 50% inhibition and set it as 289 the NT titer (Fig. 3B, 3C, 4B and 4C ). On the other hand, we also performed a conventional 290 neutralization assay in which we set the NT titer as the highest dilution of serum at which 291 infectivity was inhibited in 50% of the wells ( Fig. 3B and 4B ). When the luciferase assay
292
NT titers were compared with those determined by a conventional NT assay, there was a 293 strong correlation among the four sera (y = 0.81x − 4.13, r 2 = 0.98), showing that the NT 294 assay using CHIKV-pseudotyped lentiviral vector is likely to be as reliable (Fig. 3B ). There
295
was also a relatively strong correlation among the four sera (y = 0.65x + 8.79, r 2 = 0.83)
296
between the luciferase assay NT titers and anti-CHIKV antibody titers determined by 297 ELISA (Fig. 3C) , suggesting that the ratio of neutralizing antibodies to all CHIKV 298 antibodies was fairly constant among serum samples from different mice. Therefore, it 299 appears that the NT assay using CHIKV-pseudotyped lentiviral vector could serve as a 300 valuable alternative to a conventional NT assay. assay NT titers were compared with antibody titers, they were highly correlated (y = 1.53x 317 − 3.03, r 2 = 0.94; Fig. 4C ). As seen with the anti-CHIKV mouse sera, the ratio of 318 neutralizing antibodies to all CHIKV antibodies seems to be fairly constant among different 319 patient sera. Thus, the NT assay using CHIKV-pseudotyped lentiviral vector will be very 320 useful in the study of patient serum samples.
DISCUSSION

322
In this study, we developed a safe and convenient assay system using a 
328
The West African CHIKV strain 37997 was selected to prepare the 329 glycoprotein-expressing vector because it worked successfully in a previous study (19).
330
Sequence comparison of CHIKV strains showed that the genome is highly conserved in Thailand.
336
The CHIKV-pseudotyped lentiviral vector transduced three cell lines that are 337 permissive for CHIKV infection, but the transduction was less efficient than that with a VSV-pseudotyped lentiviral vector ( Fig. 2A) , as shown in a previous study (19 and from cell tropism and pH-dependence characterization (Fig. 1C, 2A and 2B) 348 demonstrate that the lentiviral vector was successfully pseudotyped with CHIKV.
349
Serum samples obtained from CHIKV-immunized mice showed different degrees 350 of neutralization activity (Fig. 3A) . Luciferase assay NT titers with mouse sera were highly 351 similar to those obtained with a conventional NT assay, as well as being highly correlated with those obtained by CHIKV antibody ELISA (Fig. 3B and 3C) . Similarly, luciferase those obtained by conventional NT assay or CHIKV antibody ELISA (Fig. 4B and 4C ).
Although more samples should be analyzed for reliable comparison analysis for mouse sera,
356
this high degree of correlation supports the reliability of the NT assay system developed in 357 this study. While the NT titers of the pseudotyped lentiviral vector-based and conventional 358 assays resulted in fairly different scales ( Fig. 3B and 4B ) due to the ways NT titers were set 359 in the two methods, they both showed neutralizing activity of sera and provided consistent 360 results. Furthermore, this system required only a small amount of serum, less than one-fifth 
386
Detailed analysis of chikungunya-infected patients, for example, will help to reveal the role 387 of immune responses in disease development, and the NT assay system developed here will 388 be a valuable tool in these investigations.
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